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96 COMMERCIAL PROCESSES FOR TWg MANUFACTl/RE OF SUP3UeS0fi5SNT POLYMERS 

Even wben the comminuuon and transpon operadons are selected to minimize 
the production of unwanted fine-panidc size fractions, their handling and disposi- 
tion must be considertd. The paiem record shows ihai superabsoxberu manufactur- 
ers realized, after the fact, that the unwanted fines fracdon needs to be managed. 
One solution is to simply remove ihe fines from the product by screening. Thai^ 
however, only postpones the question of what to do with them. Two paths are dis- 
cussed. 

The first path atiempcs to trszisfonn the fines into a second product or to include 
them as an inert or active filler in a second produa.***** This patfi is noi discussed 
in this volume. The second path is to recycle the superabsorbent fines into the pri- 
mary superabsoibent product. In one case, fines, water, and fresh gel (direct from 
the reaction step) arc pltysically blended to yield a unifoim blended product.''*'" 
About 15% fines, based on the weight of die fmal dried product, are blended. Fines 
of parually neutralized product can be rehydrate4 without substantial agglomera- 
tion or gel-blocJdngj by using a hi^ speed mixer, followed by mixing of the hydrat- 
ed fmcs with fresh ge!.'^ (Similar equipment is described for the addiricn of reac- 
tive additives for advanced generation products.^°^2) ^g^^ recycle of fines to a gel 
stream consisting of the fines, fresh gel (un-neutraJized), and a few pans of waier 
processes more easily than the fresh gel.'^ The mixture of hydrated fmes and fresh 
gel is extruded through a die so that the gel is formed into **shapcs having sufficient 
surface area for drying."*^ 

Unless a reaction takes place between the hydiBted fmes and the gel for example 
by using a reagent such as ethylene glycol diglycidyj ether, die fines are not chemi- 
cally bound to the gel potymer. As a consequence,*"' the product may not retain its 
^•unitary nature under the stresses imposed by hydration." Viewing die swelling of 
agglomerated panicles under a microscope shows that the agglomerated larger par- 
ticles break into its fme-particle components as the mass swells. 

Recycle of supeiabsorbeni fmes to the polymerization step is also described. In 
this an, the fines are swollen with monomer or monomer solution and the mixture 
. polymerized. In one case,'* the monomer is first added lo the reactor, fol- 

lowed by ad<fition of the fines. Although the viscosity of the monomer mix increas- 
es substantially with the addition of fines, no particular problems were noted. 
Equipment to mix fines and monomer is not described in these patents. However, 
equipmem of the type used to swell fmes with water might be useful at a commer- 
cial scalc.»^ Equipment necessary forpofymerizalions containing fines'* is similar 
to die reaction vessels previously described,^^^ When polymerizing on a continu- 
ous beh, fmes were added to the belt polymcrizer as a pan of the monomer raix.^* 
In this case, the fines are first mixed wida a nonsweUing-solvent, a nonswelling salt 
sohiiion, or a nonswelling monomer such as acrylic acid and then added to an aque- 
ous sohition of monomer. TTie amount of fmes that can be added may be as high as 
50%,»* but is probably more on die order of 20% or less. When fines arc recy- 
cled to the polymerizadon. product properdes are nearly equivalent to properties of 
products made without fines recycle. However, in one case for polymers of the same 
swelling capacity, a slight reduction in absorfaency under load was noted.*' 
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3.2. SOUmON POtYMEBBATION 97 <^ 

Addition Of Post>7Veatments 
3^.1. Ad^nced Produots. The processes described above produce a narti^ 

described by Aeones of aewoik swelling and elaiticiiy {«e Chapter 5) cS/^S! 1=2 

Of water s^lub e poljmeR, e.g.. poly(a«yliimide). cellulose eST" « sS ^ 

poly(acrybc acid) .« This probleo, is tiie tendeni of the hTS ^ 

clunv. -gel block." or fonn fish^es when ^Z, l^^'Sl^^^ '° m 
they «e added aqueous Hquids. n« stirfeces of Ae nSS^ff^s^f 2" 

!y 10 form a soft, deformable layer. The resnking parTidB^™^™, ^ <n 

lide adhesion «I«ces inten^cle porosity ^S^tc^^ZT^r^' U 

trolytcs used motavalent cations to fom a crosslinked surface layer ZtSl^ 
dBpen»fail,y and absoTJuon rate. *e surfece of crosslinked polyacryla" TnSS 
i^-al improvement is shown scbemafically in Figurt 3 9. Swelling capaSJ 
to infinitseimal, thjcknass is fonned by surface crosslinkine iir«e*«c.c -nl .VlT 

52SrS^ "r"^ P^-<lesa n.oi rigidsuTeSj^'dJ^SS^X- 
Si -ifl". T f-t would oti^erwise occur early in the swellSi p™S, 

* ^ ^ °f P«rf«J« "> each ^rxiZ 

mae^ *e effccnve surfice area available for swelling ^ *e apparent SSS 

SiSs."*'"'"' ""'•"^ particles^ dlscSS iS 

t«a2L^"^*," " P^i»«'. the cn,sslinking 

««dpa2cles,zediStnT)UDon.Ai^ compound djaicaan^ac^ 
reagent For supcrabsorberts. th,s requires reagents that can react with the car- 



Higher level ef 
creuUniditg 
instasll 

Lower level cf 

. _ oiMsb'nkjitt 
UnilonnlyaiiuKfiked C«n-Shell i«e«re 



PACE 4S' RCVD AT 3l»0i M2:» PMjEaslmi ManI TIK] ■ SVII:imMFXRF-im 



MAR. 10. 2005 4:43PM OBLON SPIVAK 



'NO. 869 P. 5' 



3i SOumON POLYMERIZATION 99 



polyni«B made under diflferem sets of proess condiuons. For ex- 
amp e. Tsubaldmoto et d." showed that a w«e,ya]cohol carrier for rhe surfa^ 
^Jjnking reagent y»lds a structured polymer with less fish-eye ftmiMion than 

section 4.6.^ that n,easure sweliing under a compiessi^ lead (ateorbency\mde; F 
iMd)^ able «)qi,aotitativeb.distingdsh between structured pol^^ 

derd,fen»ts«sofprx,cess conditions. Itesults of these tests s4^^ O 
redraw particles and cornrpl of tije dispersion of the ctpsEng ^ 
agent over the surface of the panicles a.« critical proc^cnadeiationsto aS 
ing success in the absoibenoy under load test. .nsioracmev 

under load test has been addressed h. a number ofll^ SurfSL Q 

ciossIinkuiB leagems have beeo added in aqueous solutions and other d^ents such 'X3 

as alcohol or aqueous ah solutions. However, there a« seveml diSS" ^ 
^ththeseappro8ChesJ«*WatersweIls,hepa;Hde^Sra5noLstheB^^^ 

ft^™?"^" penetration of the sur. 

fece ciosslmfang agent into the polymer partcle. However, excessive amounts of 

ZTl ""11 P^'y™" " 'n^'^e handling difficult. Inoigaaic paruc- 

utoes such as silicates, m addition to controlling the hydrophilic/hydiophobrbal. 
! ""'TT' '^^"^ ^ with high-speed blending of 

? »S8lon,e«rion during the reagenr addition 

agents over the powder by diluting the crossUnker (latter volume) and helps contiol ' 

^rl^ ''^"''^ disadvantage of ,equiri^g re- \ 

covery and retyde. Also, for example with the lower alcohob, the low flash piints ^ 

"^'Suards to maintain safe operation 

i^ng OJJ wty, glycerol, in combinations ofwawr and «^»opanoi. to a 63% ' 
neutralteed polyacylate made by the process of Siddall a«d Joh3» sh^s ie 

^^°i'^'^''^^j9^'Sr>mofli^A^^i,i,o lOOgofpolymerpow. 

J^hT^^r P<"y°"»^ ^ heated in an alumhZ 

dtsh for 15 mm at 200*C m a preheated drcularing-air oven equipped with a steel 
plate as a heat sh&. TaWe 3J shows the swelling capachy (TethTd d^SiSrfl 

uon 4^.4.2) dac. Swellnig capacity decreases as the amount of warer in Ihe reagent 

™ l*^^^"*^' "^y^^*^ « ^rf^c* C^sslirtdng 

!L^- J^''^'*'^'''''**^'^'*°«*«""=^sed penetration of the ' " 

Sm'th/sE' ""^""^^ "-^'^ "">er 

for gbrceiol the optimum weight ratio of water to *propanol is about 30^0 (based I 
mJ^^trLr'l"'^ capacity and absorbency under load). The «nountof ^S" I 
SS^I^rlu "^"""^ • »V*ophil.c organic solvent such as methanol. 
Inc«asj„B fte salt concentration of the cTOSslinker solution also decreases the hy. 
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100 «0»*MERC«A.PBOCKSE5F0«T>,EMANUfACn;RE0FSUPER«BSO«^ 

forlSmin wim V(rt% gtycerol and then heated at 200'C 

Solvem Compositioo' 



Sianing material 
0/100 
JO/90 
20/50 
30/70 
40/60 
50/JO 



39.0 
36.4 
35.0 
34.7 
28-8 
20J 
29J 



AbfiOrbeiity Under 
2,0 kPa Load (g/g) 

9,0 
23,2 
21.6 
29.0 
29.3 
293 
28.6 



cTDsslinkmssytems In loo ^ ™w« complex surfece 

miry parameter and low wolecuirwe.^h, «V ,£ , ' 7^ """''"^tion of sol- 
350 e'mol) is said to ZZTa^J^^^- ^^^^''^^ '"S*"" 

U ,he p^cle Ccon^r.trS'zTd 3 ^^^^^ 

ace crosslinking widi a specific class of hfrt, ««i i - u ^''"'^ 

the reagent limits the penetration of A* ZrZ^- i njolecular weight of 

4fts50 dynLcnTof ?■ ^ ^'^e of stiifece tension, about 

also been 'iesc^J^i^^^'^f^J^'^ dO-lOO p««), has 
sen to give the dea^n^J^ ^^f^"!^*'^"^^^"^ 



PAGE 6I9*RCVDAT3I10/200S4:42:17PM [Eastern standard Tiinel'SVRiUSPTO^m^^^ 



